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THE R-38 CAT_STROPHE AND THE MEC_ANICS OF

RIGID AIRSHIP CONSTRUCTI ON.*

(German translation of Spanish article

publi_h-_d in "_emorial do Inzenieros,"

by Emilio Herrera, Chief of Engineers,
Madrid. )

The dreadful disaster which overtook the English rigid air-

ship R-38. on Au@-ast 24, l_21, and in which _% men perished, was

a terrible shock to th3 whole aeronautic _vorld, since (in view

of the successful operation of regular air traffic lines by the

Germans, both before and after mhe war, wlth Zeppelin airships

which covered over 300,000 kin., without the least injury to any

passenger): it _as oorfider_tly ass_omed thg,t airship construction

had already bee_ perfected to s_ich a degree as to solve the prob,

lem of long distance air traff<c with the essential factor of

safety, which could not be attain69 by airplanes for a long time

to come.

Of course, thorough investigations were undertaken, in order

to determine _he Causcs of the cat_reph_, as *_o w!:ether they

were inherent in the system itself and therefore impossible to

avoid in this kind of airship, or whether, on the contrary, the

accident resulted from errors in construction, unforeseen occur-

rences, or faulty operation in this particular instance, which

would in no way affect the use of rigid airships.

The airship R-38, built in the _ork_hops of the Short Broth-

ers, in Bedford: and finished by the British Admiralty, was de-
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* From "Luftfahrt," April, 1922.
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si@ued for the North American Navy as the ZR II and was destroyed

in the attempt to fulfill the very hard acceptauce conditions.

its main dimensions ,_ore: length 212 m. ; diameter 26 m. ; gas

capacity, 77,000 cu.m. ; engine power, 2100 F_P (6 engines of 550

HP each); carry:Lug c._.pacity, 50 ton_; speed, 120 kmlh.

The rigid frame cou_.sted of duralt_in girders, similar to

the ones used in Zeppelin airships, but it was built under s_ec-

lal o_ndltions, which r.'a_t be taken into account in endeavoring

to d-tte_ine ±h_ cau_s of the disaster.

In the first p]_e_ it was the largest airship ever built,

its g_s capacity bein_ £200 cu.m. larger than that of the largest

Zeppolin, and its co;]._tzuotion presonted more difficult teo.hni_al

problems than those already solved for the Zeppelins.

Its carrying capacity was about 80% of its total lift, a fig-

ure which likewise exceeded that attained by previous airships

and which could only be roached by zeduciug the wci_nt of the

frame s_. the e_pense of its strength. The above ratio of carryin_

capacity to total lift (maximum lift of an airship, withoutthe

dynamic power obtained in oblique ascent) enables the _[etermina-

tion of the static altitude in the follow!u@ manner.

when an airship ascends without load, it ca_u rise to a cer-

tain height, whore the air density is or.ly 60% of its value at

sea-level, which according to the formula

6o
Z = 15400 log-5-
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(in which Z is the attainable altitude, 60 the air density at

sea-level, and 6 th_ air density at the height limit): corres-

pond6 to an altitude of 7360 m._ whic_ is necessary in order to

be beyond the reach of anti-aircraft guns.

Such a static a.ltitude had hitherto not been attained by any

airship, since it wa_ coT_sidered unsafe to make the requisite re-

duction in the w_igh_, of the f_me.

But, in order to fulfill th_se exceptional conditions, this

airship _hcwed various orlginal amd daring innovations, which were

in no way sancticned oy 3xperi_nce.

The radial bra¢_ing cf the main rings oi" transverse frames,

by which the interior of the airsh!o was divided into separate

gas c_lls, was replaced by tangential bracing and the number of

cells or co,_partments was reduced to l_: instead of l_ as pos-

sessed by the l_rge__t Zecpe!ins. This gave increased lift, b_t

the Tree portions of the longitudinal girders between the rings

(subjectel to pres_uz_ and bending s_resses) were increased to

15 m., instead of ll m., as on all Z_i'pclins, ex_ept!nz the on_s

with longitudinal stays, which were lacking, however, on the R-38.

Thus the strength of these girders was gr3atly reduced.

_._oreover, it mt_st be borne in mind that the builders of this

airship oT such _Auusual characteristics, had previously, built no

metal airship, but that their experience in this field of such

difficult and delicate work was limited to the rigid wooden air-

ships R-31 and R-32 which came from their shops several years ago.
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During the building, various lon_itudinal girders broke un-

der the weight of the _orkmen. Durin_ inflation, other girders

broke and the first trial trip showed that the entire frame was

too weak, necessitatin_ various repairs and reinforcements.

The airship had tanks for 40,C00 liters of gasoline and

could fly 9,800 km. at full speed, or 14,500 ks. at cruising

speed, its radio station had a range of 2,400 km., and was fully

equipped for r__diotelophc_uy and for obtaining its b_ari_g_ bF

radio.

The acceptance ocnditions consisted in the demonstration of

the above-mentioned flight characteristics. On the fourth and

last trip of this airship, which was begun at 7:10 a,m., August

23, from the Howden airdrome, the speed and maneuverability tests

were to be made. Th9 latter tests (severest of all) co_-_isted

in flying in sharp zigz,_gs for 20 min._tes, in order to test the

stren_th of the frame and the working of the rudder.

The airship remained the whole day and night of the 23d, in

the air a_d _L_, a_t_r successfully completing its speed tests,

it was above Hull at 8 o'clock on the mornin_ of August 24, the

rudder tests were be£un with three sucoessive turns, with the

rudder hard over. During the third turr_ the frame of. the airship

gave way near its oc,nter of gravity from the lateral bending

stresses, wherc'_oon there was immedJamely a series of explosions,

followed by fire and the plunge of th_ giant airship into the

Humber, not far from the harbor of Hull.
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The exceedingly violent explosions which broke the window

panes of _he city of Hull, showed that they took place after in-

juries to the gas bags ar.d the formation of an explosive mixture

of air and hydrogen, which w_s probably ignited by the exhaust

gases from the engines.

In order to facilitate _he explanation of how the fatal brea_

must have occurred, _,_ ;_ill g',ve briafly a general idea of what

may be termed the mechanics of rigid airships.

Generally the frame of a rigid airship (Fig. l) consists of

a series of rings (ccc) or regular polygons, between which are the

gas bags and which are connected by longitudinal girders (_) ex-

tending from th_ nose to the tail, where the rudders and elevators

are attached.

The frame thus formed, may be regarded as a rigid girder sub-

_ected to a number of forces which, according to their nature,

may be classified as follows: weight or loads (force of gravity);

lifting forces (aero-static); accel-_aticns (d:mam_c). These

forces mus_ be in equilibrium in the three most important cases

during flight: (1) _hen the airship is floating (aerostatic prob-

lem) ; (2) When flying without acceleration (aerodynamic problem) ;

(3) When under the influence of any accelerating force (dynamic

problem). We will briefly consider each of these cases.

I_ Aerostatic Problem.

When an airship is at rest with respect to the surrounding

air, it is subjected to the force of gravity resulting from the



- 6-
• 4

weights of the various parts and the loads carried_ a_nd to the

lift exerted by the gas l_ags. Both forces change during flight_

the former being diminished by the fuel consumption and release

of ballast, though it may be increased by rain or snow. The lift-

ing force changes with the te_erature of the gases and cf the air

a_nd with changes in altitude and usually decreases constantly from

osmose, permeability of the gas b._gs, leaky valv=.s, etc.

Since the direction cf all these forces is verti_al_ there is

equilibrium when the sum of the upward forces equals the sum of

the downward forces s.nd their respective resultants pass througa

one and the same point.

If the I_._-_.-_-.. of the airship is represented by the line AP

(Fig. 2) and there are drawn at right ar.gles to this llne ordi-

nates re;resenting the cross-sectional areas cf the gas space, we

then have a diagram analogous to the displacement curve _un ship-

.%..
building_ representing ths distribution of the lifting forces

along the longitudinal axis cf _he slrshlp. This _ar_e can ch_]ge

with the quantity and buoyancy of the gas ,_n zn_ oags_ but wili

always keep inside .of a.curve (plain llne)_ whloh r3presents the

llfting force when the airshlp, is cozIietely _,_'_^_ with pure hy-

dmogen at sea-level with the highest ;ossible temperature of the

hydrogen gas and the lowest possible temperature of the surround-

ing atmosphere.

As regards the loads or weights carried, a distinction is

made between those which remain constant during flight (weight of

a{rship itself and of the crew) and the changeable weights (fuel,
J

food, ballast _,.
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If we take, l_erpendicular .to the llne __B, ordinates rep-

resenting the constant weig_hts, we have the load curve cozre_-_pond"

ing to the last part of the flight, after all the fuel, food and

ballast have beenused up. The resultant of all these minimum

weights must be offset by the lifting force of the remaining gas.

This is the case when the area, between the dash cu-_veof the mln-

imum lift (whose ordinates mus_ be proportional Co _nose of _Ae

maximum lift) and the longitudinal axis AB equals the dark area

bounded by the curve cf constant weight and when, at the same tlm_

the centers of gravity of the two areas h_,ve the s_me abscissas.

in designing an airship, the oonstant weights _ast accordingly be

distributed so as to fulfill this condition.

The variable loads (hatched area) must be so distributed

that thelr variations willnot displace the center of gravity, or

so that _heir center of gravity will always have the s_ue abscis-

sa AG. Thus the ma_T_itude and distribution of the maxi_-ur_ loa__s

can be established sc that the area included in its curve will

equal that of the ma_imuz lift.

The distribution of these loads may be aocomplished in var-

ious ways. we must choose the method _nlch will exert the small-

est bending stresses on the me_oers of the frame. In this connec-

tion we see that, in every cross-section of the airship, there is

exerted a resultant force which equals the difference between the

corresponding lift and weight. And if, for each point of the axi_

we introduce a new ordinate which represents the moment of the
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forces between it and the one end of the airship, we can then

draw the curve of th5 bending, moment (dot line in Fig. 2); in

mhich we consider as positive bending moments those _hlch tend to

bend the ends of the airship upward and as negative those which

tend to bend them dowr_ward. If we draw the cozrespondin_ cur_es

for various load distributions, we oar. find emplrioally the curve

which gives the minimum bending momcnt, we must bea_ in mind,

however, that some solutions are impracticable, namely, _;hen they

indicate an ex_z'aord!na_y ac_u_alatlon of weights in any given

cross-section. This wo.,ld produce a relatively large shearing

forc_ which would necessitate strengthening the corresponding

section of the frame.

The loads are generally supported by the rings; partly di-

rect and partly by a girder inside the hull; which also serves

as a connecting corridor. The lifting forces of the gas bags are

tra_.sfezr_d by means of a net to the longitudinal girders of the

frame and to the corridor girder.

2. Aerodynamic problem.

when the airship is flying, the drivino= force p (Fig. 3);

is transferred by the propellers to the cars or gondolas wlnioh,

being rigidly attached to the frame of the airship, in turn st'.p-

port th_ motion of the airship by o_eroonin_ the air resistance

R, whereby the longitudinal girders in fron_ of the engine cars

are subjected to pressure, since the air resistance a_t_ chiefl F

in the direction of the axis of the hull and the engine cars are
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located outside of and below the hull (for aerostatlc stability),

there is generated a moment which tends to make the airship nose

up. This moment must be neutralized by an equal and oppos__te mo-

ment F-F produced by the elevators. The latter moment takes the

form of a bcnding mo_ent (hatched area) to which all c_oss-

sections behind the first engine car a_e subjected. For every

crosg-section, this moment is equal to the moment of the force_

F-F, which are behind the cross-seotlon rudder considerations mi-

nus the moment of the propeller forces for this portion of the air

ship.

In each cross-section, this benTing moment is exerted on all

longitudinal gi_ders, the stresses being proportional to the dis-

tance from the neutral zone. Hence the forces produced in each

individual girder offset a portion of the total bending moment and

indeed proportional to the square of their dista_ce from _he plane

of the neutral axis.

when an airship, through tuueven distribution of its load,

flies on an inclined keel, the ai_, s_zSking obliquely against _

hull and especially against the horizontal tail pla_es, "exerts a

force equal and opposite to those of all the balanci_g static

forces, which likewise give rise to oorrespondlng bending zomen_s

in the different cross-sections. These bending moments _ast be

computed in the same manner as _hose produced by static forces,

_'hile also taking i_o consideratlon the lateral componenta of the

air pressure in each cross-sect!on.
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_namic problem.

The most important case of the dynamic problem occurs when,

with the airship going at full speed_ the elevators and rudders

are sudden_.y dlsplac_d to their full extent. At this instant

(Fig. 4 ) _ere is produced aEainst the rudder an air pres_Are,

whose latexal component tends to turn the airship about its cer_te_

of rotati_'n 0. This lies in front cf the center of gravity g

at a distance equal to the moment of inertia of the airship divid-

ed by the product of its mass times the distance between the cent_

of gravity _ and the center of application of the rudder force.

In other _-ords, the product of _he dista_ce o_ g from O and

from the rudder surfaces is equal to the square of the radius cf

inertia of the airship.

The an_lar acceleration given the airship is equal to the

moment of the rudder force, with re£erence to the center of gravi-

ity, divi_ed by the moment of inertia of the airship a_ud this a_u_-

lar acaeleration produces zeotilinear accclerations in the diffsr-

ent cross-sections, a_cozd!ng to their diet_uce from 0. Thus

there are produced in every cross-section, thrcugh the linear ac-

celeration, inertia forces equal to the r_roduct of the mars times

the acceleration. These forces (shown in Fi_. 4) Ioroduce bending

moments (dot aturve), whose maximum occurs a little behir_i the cen-

ter of gravity.

_,_p_!ioation to the R-Z_$.

With 77,000 cu.m. gas capacity and 1.1 kg. per cu.m. lifting



• - ll-

force of commercial hydrogen, we can ass'_me the maximum aerostatic

force of the airship to have been about 85 metzlc tons and the

_inlmtlm 35 tons (weight of airship without variable load). The

variable l_._ would therefore be 50 tons.

The a_:zodynamic fo_ces of the airship, in horizontal flight

under ful._, onglne power, may be comTJuted in the following mamnGr.

with _u ._-_o-"_ cf 2100 or 2=_,=0 _ k_r_/se_., a_.d a sp_ed

of 120 kin/h, or 33.3 m/see., the pulling force, if it could be

compietelv transferred, would be 157,500 divided by 33.3, or

4725 kg., _ud if we a_sume a propeller efi'ici-_ncy of 7C#o (the usu-

al v_.Tue)-_ , _e would _._ve 3300 hg. pu.'.i_ng force, which also equ_.'_

the ai_ r_,_ist_uce to be overco_e b_- the airship. The nose is

therc._ore subjected to this prec_re which, in this particular _a-

stance, is divided between 20 gil'ders, so that each gizd__" is sub-

jected to a pressur_ of I_5 ko_.

The distance of the middle line of the air resistance from

the p.Jane of the prcpel!ez axes was about 15 meters. The moment

tend"ng to make "c.he aizshmp nose up (.43_n_qic ta_l-heavlness) was

accordingly 3300 x 15, or 49,500 kgm., which had to be offset by a

force of '_ ' _495u0/l_0, er 413 kg., exerted by the elevators, if we as-

sume that the elevator surfaces were about 120 m. from the center

of gravity. Applied at a distance of 80 m., i.e., in the vicinity

of the zea_ engine c_zs, this force would have exerted a bending

moment of 413 x 80, or 33,040 kgm., which the 20 girders had to

withstand, the upper ones in pressure and the lower ones in tensloz
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If the radius of the airship is taken as one, then two of the

_irders are in the neutral plane, four at O. 31, four at 0.59, four

at 0_81, four at 0.95, s_d two at 1. O0 distance from the same

plane. =__,_ force generated in each girder would be proportional

to the squ_,re of its _istance, i.e., to O. lO_ 0.35, C. 65_ 0.90,

or 1, O0. These numbers multiplied by the corresponding n_,mbers

" .._,_h it m_y be de-
of girders and added together, give _0, from "'-_""

duccd that in the most stressed girders, i.e., in these farthest

from the neutral plane, a moment of 3_04C,_ _0, oz 33C4 kgm. , is

produced 6rid that, with a lever arm of 13 m. (_adius of a_zshi_),

the force to be withstood by each glzder would be 33C4/13, oz

253 k_.

The dynamic forces are more difficult to compute because we

need to know the moment of inertia of th8 airship, for whic_h we

have _o satisfaolory data. we can, however, make an approximate

computation, hy takin_ as its basis a homogeneous girder of the

same lingth and mass as the airship.

The tztal mass M of the airship is 85,000 kg., not inciudin_

the mass of Zhe 77,000 cn/.m, of hydrogen (abov.t 15,000 kg. ), or

altogether lO0,OOO kg. with an over-all length of %he airship of

21S m., we ;__ii take 210 m. as the length of a girder, disregard-

ing the tip of the tail.

The total area of the vertical stabilizers ar_d rudders was

about !00 sq.m., which _?as about the sazze as the total area of the

horizontal stabilizers and elevators and since_ with the rudders



b

t t

- 13 -

haz.4 over_ an aerodynamic coefficient Ky of 0.04 can be obtained;

the tro_qsvcrse force at the tail could be about F = KySV _= 0.04 x

100 x 33. :5_ = 4. 5 metz'i_ tons.

A 100--tSn glrde_..-210 meters long, weu3.d have a n.omez_t of i_-

100000 21D _ 284,200,000 k_m. sec.5 and its c_nter cf
ertia J - g i_ -

total.ion,-=.ith the ai_ml{cation of a t,'ansv_rsc force, at ore end,

_ 2tC _
woul_ lie _ H 6- - 35 meters in fzn_.t cf the center, of 6.--.,-

ity. In this case the _u:.lar accelcrati:m A would be

43_',0 _ 1
•" '_..... """ "' 63.,./;5 P_'" second.

The Icrce of inertia, produced .!n every c_css-sect_'on at a

dists]tce of x from the center of =_ation, will have a value cf

l.,!x A x x, in which M ._-_presents the mass of the cross-sect-_

undez consideration. BY =-eprescntlng these foz'ces graphically

(Fig. 5), we obtain _he similar tziangles S and s, the alge!-r_.

ic sum of v:hose momonts, with refere_ice to a given cross-sectic_.,

give the bcndi,nc mou,,:nt in the same emoss-section.

the _ _ +'"._.,m_n_b may be e.'.]_resced:

S 70 +x -s_x

and " _• _ we name
£ 70 _
. = \7-__

X 3

3 (140 + 3::- 7-._-u /

This sum off

D_'nanic equilibrium, however, requires

,h_,_ we obtain_ as the sending moment for ea_-_ cross-secti :.'_'from "'- " _

8=3S

F (140 + 3x x°\9 70_/

we o_taln for the bendinz moment
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The maximum bending moment wlll occur In the cross-sectlon

corresponding to the value of x where its differential quotient

3 3x_h- _-=j vanishes, i.e._ for x = 70 M. Thls cross-section Is

35 meters behind the center of g_avlty and its bending moment Is

_ _ 2,80F (140 + _ × 70 - 70) - --- F = 140000 k_m.
9 9

The girders farthest from the neutral plane must therefore

140000
be able to withstand a force o5 _U !3 = 1077 kg"

If this fGrce _s added to the above-mentioned aerodynamic stresses

we find that the girders would each be subjected to a total stress

of about i_50 kg. at the center of gravity of the airship, where

the brgak actually occurred.

We see therefore that the dynamic effect of a violent rudder

displacemen_ which was easily _roduced on this airship with Its

balanced ruddezs_ could be more than four times as large as the

combined static and a_-L'o_ynamic loads duling ordinary flight. It

!s not strange_ _hczrficze, tha_ a rigid airship, whose frame had

already been stza'_ned by the two latter forces and was then within

a few minutes, while swill under maximum engine power, put to the

fearful test of having its rudder thrown hard oyez, should break

_ntirely in two.

from the German

Translated/by the N_tional Advisory Cczm'__ttee for Aeronautics.
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Fig. i. Frame of hull.
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Fig. 4. Forces &nd moments produced

by throwing rudder hard over.

Fig. 5. Forces of inertia.




